According to recent studies of speech perception, infants as young as 1-2 months of age are able to discriminate important differences in the sounds of human speech. In the case of stop consonants, not only can infants discriminate the acoustic differences which signal voicing and place of articulation distinctions (Moffitt, 1971; Morse, 1972; Trehub & Rabinovitch, 1972) , but they also appear to discriminate these cues according to adult phonetic categories (Eimas, 1974. in press; Eimas. Siqueland • Jusczyk, & Vigorito, 1971; Miller, 1974) . Further, the development of these adult perceptual categories does not appear to depend on extensive experience in producing or perceiving a particular phonetic category. According to the findings of Kewley-Port and Preston (1974) and Pierce (1974) . place of articulation and voicing contrasts do not emerge in the vocalizations of infants until several months after their ability to discriminate these contrasts. Although data on the distribution and frequency of speech sounds heard by the infant in the first few months is not yet available, cross-language studies of infant speech discrimination have revealed that infants are able to discriminate voicing differences not present in the language spoken by their parents (Eimas, in press; Lasky. Syrdal-Lasky, & Klein. 1975; Streeter, 1974) .
A more neurophysiological interpretation of the infant's categorical discrimination for stop consonants has recently been proposed by Eimas (1974) . According to Eimas. the infant's "knowledge" of adult phonetic categories may depend upon auditory feature detector mechanisms which respond This research was supported by NICHD Grants HD·01994, I-POl-HD 08240-01. and 5-POl-HD-03352. The authors are indebted to David Pisoni and Janneane Gent for the generation of· the synthetic stimuli and to Frank Cooper for the generous use of Haskins Laboratories in making the final tapes. Requests for reprints should be sent to Philip A. Morse . Department of Psychology. University of Wisconsin. Madison. Wisconsin 53706. selectively to specific phonetic features in the speech signal. The neurophysiology ofthese feature detectors is presumed to be similar to that observed in the auditory and visual systems of the monkey and frog (e.g., Frishkopf, Capranica. & Goldstein, 1968; Wollberg & Newman, 1972 . and implicated in man's visual system (Blakemore & Campbell. 1969) . Indirect support for this phonetic feature detector hypothesis comes from studies of the selective adaptation of consonants in human adults (Cooper. . 1974a; Cooper & Blumstein, 1974; Eimas. Cooper. & Corbit, 1973; Eimas & Corbit. 1973) . In this studies, the adults's identification responses (category boundaries) for stimuli along a given speech continuum (e.g., stimuli varying in voice onset time) are found to shift substantially when a particular syllable (e.g., [baD is rapidly presented for 1 or 2 min. Presumably, this repeated presentation of a speech sound adapts or fatigues the detectors that are differentially sensitive to the acoustic and/or phonetic features of that sound. Since phonetic boundaries on a continuum (e.g., [ba-pa] on the voice-onset-time continuum) are thought to be determined by the equal activation of detectors for two different phonetic categories (Eimas & Corbit, 1973) . the fatiguing of one detector should result in a shift of the boundary toward the adapting stimulus.
Employing this adaptation procedure, Eimas' and' Corbit (1973) [vae] . Again, these results were interpreted as suggesting that adaptation also occurs at an abstract phonetic level for consonants having the same place of articulation, but which are not acoustically identical.
However, as several authors have pointed out (e.g., Diehl, 1975) , the adaptation effects obtained in these voicing and place of articulation studies may have occurred at an auditory feature level rather than at a phonetic feature level. In other words, some of the acoustic cues for voicing and place of articulation were perhaps shared by both the adapting and the test stimuli in these studies. In addition, attempts to demonstrate reliable adaptation effects with the critical acoustic portion of these speech stimuli in isolation (e.g., with chirps and tweets) have generally yielded significant adaptation effects, although of a lesser magnitude than that observed for the entire syllable (e.g., Ades, 1973; Tartter & Eimas, 1975 Cooper (1974b) and Diehl (1975) have provided stronger evidence for phonetic feature adaptation for voicing and place of articulation using adapting stimuli which are signaled by entirely different acoustic cues than their phonetic counterparts on the test continuum (e.g., with burst vs. formant transition cues: Diehl, 1975) . Thus, it appears that both auditory and phonetic levels of feature detectors are adaptable in adult listeners, but that many of the "phonetic" feature adaptation results reported in the literature may have been due instead to the adaptation of auditory features.
In summary, these adult adaptation data on stop consonants implicate the existence of complex auditory (and perhaps phonetic) fea::1re detectors for both vOlcmg and place which are behaviorally adaptable in the human adult. Eimas (1974) has recently proposed that these feature detectors may be important in the categorical discrimination of these contrasts in adults and that, furthermore, they may be responsible for the infant's ability to discriminate these consonant contrasts categorically at such an early age. Finally, Eimas (in press) has even suggested that the high-amplitude sucking (HAS) paradigm, employed in gathering much of the infant data on categorical discrimination, effectively adapts the infant to the preshift stimulus. Thus, these adult adaptation results are clearly important for our . understanding of the infant speech perception data, not only because of the proposed neurophysiological basis of speech perception, but also because of the possibility that adaptation is a critical process in the HAS paradigm.
In contrast to these recent advances in our understanding of the perception of stop consonants in infants and adults, considerably less is known about the development of vowel perception. Studies of adult vowel perception initially have shown that the vowels [i-I-£] are generally perceived continuously rather than categorically (Fry, Abramson, Eimas, & Liberman, 1962; Pisoni. 1973; Stevens, Liberman, Studdert-Kennedy, & Ohman, 1969 (Trehub, 1973) , and most recently that they exhibit continuous discrimination for the vowels [i] vs.
[I] (Swoboda, Morse, & Leavitt, in press ). However, no data are currently available on the selective adaptation of these vowels in adults. In view of the proposed relationships between the adult adaptation data for consonants and the categorical nature of the infant consonant discrimination data, the present set of adult vowel adaptation studies was undertaken in the hope of elucidating the basis for the continuous discrimination observed in the Swoboda et al. study of infant vowel discrimination. The vowels along the test continuum ([i-I-E» employed in the present studies may be characterized as sharing the features of "non-low" and "non-back" (Chomsky & Halle, 1968) or of "unrounded" (Stevens, Liberman, Studdert-Kennedy, & Ohman, 1969) . Ladefoged (1975) described these vowels as sharing the feature of "front" and var,ying along a continuum from "high-front" ( Table 1 . The fourth and tifth formants were fixed at 3.500 Hz (F4) and 4.500 Hz (F5). The terminal fundamental frequency for each stimulus fell from 125 to 80 Hz. These stimulus parameters are identical to those employed in Pisoni's ((971, 1973) ( 971) and recorded on tape using the Haskins Laboratories PCM system. Prol-edure. Baseline identitieation responses were obtained from each suhject tested individually in an unadapted state on the 1st and 5th day or the experiment. Each baseline session consisted of the IJ \'(lwei stimuli in Table 1 randomized in 20 blocks to \leld a total of 200 stimuli. Each subject was instructed to identify each stimulus by circling on a prepared answer sheet either an "E" (as in be"t) an "i" (as in bit), or an "'t:" (as in bet). In order to acquaint the subject with the procedure. six practice trials were presented prior to the baseline sequence on Day 1. The stimuli were presented with an interstimu!us interval (lSI) 01'3 sec at a sound pressure level of approximately 65-70 dB (A). A Sony 756-2 tape deck. a Bogen Challenger amplitier. and an AR4x speaker were employed in playing the stimulus tapes to the subjects. All sessions were conducted in a sound-attenuated chamber.
On Days 2. 3. and 4. the three adaptation tests. [il. [II. and [d. were administered individually to subjects in counterbalanced order. Each adaptation test lasted approximately 1 h with a 24-h interval between each session. The adaptation procedure was patterned after that employed by Cooper (1974a) and Cooper and Blumstein ((974) . Accordingly. in each adaptation session. the listener first received approximately 2 min of warm-up adaptation (200 presentations) on one of the three vowels with an lSI of 350 msec. Following this warm-up period and a 3O-sec silent interval. the listener then received 33 adaptation trials. On each adaptation trial. the adapting stimulus was played for 1 min (100 presentations. lSI = 350 msec). followed by 2 sec of silence and then four randomly selected vowels from the vowel continuum in Table 1 . During the 3-sec interval between each of the four test stimuli. the listener was asked to identify the stimulus by circling the appropriate letter (E. i. or 'i) on the card prepared for that trial.
After the fourth test stimulus in each trial was presented. 6 sec of silence intervened before the onset of the next trial. The randomized order of the test stimuli was identical to that employed in the baseline sessions. except that only 10 tokens of each of the 13 vowels were presented. This resulted in a total of 130 test stimuli over the 33 trials. with the last trial consisting of only 2 test stimuli. Subjects. Six undergraduate students at the University of Wisconsin served as subjects in this study. The subjects did not have any known hearing defects. and none had had any previous experience with synthetic speech. There were three males and three females. all between the ages of 19 and 22. They were paid $2 for each of the five sessions.
Results and Discussion
The baseline and adaptation results for Experiment I are given in *From Pisoni (1971 Pisoni ( ,1973 .
performing a least mean squares analysis (Ferguson, 1959) [E) produced not only a reliable shift in the neighboring boundary, but it consistently resulted in a significant shift in the distant locus as well. In contrast, Cooper's study of the [bae-dae-gae] continuum indicated that the adaptation effects for stops were quite stable and did not extend to the far boundary.
1 Additional evidence for the stability of the far locus in consonant adaptation has recently been reported by Tartter and Eimas (1975) . Using [bae] as the adapting stimulus and [bae-dae-gae] as the test continuum, these authors failed to observe any suggestion of a shift in the [dae-gae] boundary, despite a reliable shift in the [bae-dae] boundary.
Thus, in contrast to the more stable feature analyzing system observed by Cooper (1974a) and Tartter and Eimas (1975) for stop consonants, the results of this study suggest that a relative mode of feature analysis prevails for 240-msec vowels. This relativity in the feature adaptation of vowels is consistent with other differences observed between stop consonants and vowels. First of all, the differences in the articulatory categories [i-I-E) are much more gradual than the more abrupt differences observed for place of articulation in [bae-dae-gae]. Consequently, [I] may be perceived as occupying more of a "middle" position along a continuum than is the case for [dae]. Secondly, although studies of categorical perception have demonstrated that consonants are generally perceived more categorically than vowels (Pisoni. 1971 (Pisoni. , 1973 Stevens, Liberman, Studdert-Kennedy, & Ohman, 1969) , the withincategory discrimination of vowels is much more susceptible to experimental manipulations which increase the listener's access to his auditory short-term memory for speech stimuli (Pisoni, 1973 (Pisoni, , 1975 . Consequently, vowels may become more or less categorically discriminated under a range of conditions which do not affect the categorical discrimination of stop consonants. Thus, relativity in vowel perception (compared to the stability of consonant categories) is not unique to the adaptation data obtained in the present experiment, but receives some support from other observations of speech perception and production.
EXPERIMENT ll: PHONETIC FEATURES IN VOWEL ADAPTATION?
Although feature detectors may be functional at several auditory levels of analysis for stop consonants (cf. Cooper, 1~75). some adaptation studies have provided strong support for phonetic feature detectors for voicing and place of articulation (Cooper, 1974b; Diehl, 1975) . For example, Diehl (1975) observed reliable adaptation effects using a place contrast signaled by burst cues in the adapting stimuli (e. g., [tE] ) and only formant transition cues in the test continuum ([bE-dE] ). The adaptation results of the first vowel experiment in the present study provide evidence for auditory feature detectors in vowels, but this experiment did not investigate feature adaptation in vowels at a phonetic level. Consequently, a second experiment was conducted to explore one aspect of phonetic adaptation effects in vowels. Toward this purpose, two adapting vowel stimuli were employed which differed acoustically from their phonetic counterparts along the same [i-I-E] test continuum.
Method
StimulI. The test stimuli consisted of the same series of 13 synthetic vowel stimuli employed in Experiment I. The adapting stimuli were selected to be maximally different acoustically from the til and [E] ends of the test continuum. Since rapid articulation of vowels in a eve context (Lindblom & Studdert-Kennedy, 1967) and a female fundamental frequency/vocal tract (Peterson & Barney. 1952 ) are known to result in vowels whose formant frequencies differ considerably from the steady-state vowels produced by a male speaker (the 13 test stimuli), a natural speech [gig] and [g£g) produced by a female speaker were used as the adapting stimuli. Spectrograms of these stimuli revealed that the approximate formant frequencies for these stimuli at the point of closest approach to vowel target were as follows: [i)-F 1 = 300 Hz. Procedure and Subjects. The baseline and adaptation procedures were essentially those described in Experiment I, except that only 2 days of adaptation testing were given to each listener: one for [gig] and one for [g£gJ. counterbalanced over subjects. Furthermore. in the 2-min warmup and I-min adaptation sequences, the subjects heard 170 and 85 tokens. respectively. ofthe adapting stimulus. Six different listeners (three male. three female) between the ages of 19 and 22 served as paid subjects.
Results and Discussion
The baseline identification and adaptation data for Experiment II are presented in Table 3 . Since no reliable difference was observed between the two baselines, p > .05, BLl and BLl were pooled to yield an average baseline (BL) for each subject. T tests for correlated measures (two-tailed) revealed that the adapting stimulus [gig] significantly shifted both the El. First, let us consider [gEg] and the absence of the adaptation effects previously observed for [E] in Experiment I. Inspection of the estimated formant frequencies for [gEg] reveals that the vowel in this stimulus contained F1, F2, and F3 values which differed considerably from those of the SELECTIVE ADAPTATION OF VOWELS 141 (Stevens, 1972) . Thirdly, Lieberman (1974) has suggested that the three cardinal vowels are unique phylogenetic acquisitions in human speech and that these vowels playa critical role in speech perception by allowing listeners to "calibrate" the vocal tract of a speaker, thereby enabling them to decode the other segmentals in that speaker's speech. Thus, several different lines of evidence conspire to suggest that the vowel [i] may possess a special status among the vowels on the [i-I-£] continuum. Perhaps this differential status is related to the ability of til (and not [£j) to yield reliable adaptation effects in spite of important acoustic variations in its structure.
In summary, the results of these two experiments indicate that the adaptation of vowels produced significant shifts in category boundaries, similar to those reported for stop consonants. However, in contrast to the stable feature system evidence in consonant adaptation studies (e.g" Cooper, 1974a) , vowels exhibit a relative underlying feature system. This relative feature system is reflected in the near and distant boundary shifts observed for the [i] Ladefoged, 1975 , depicts the vowel space) and that [I] is simply not an extremely high vowel as is til. Thus, adaptation with another very "high" vowel (e.g., [u]) might provide a better test of this phonetic feature. In conclusion. evidence for phonetic feature detectors in vowel adaptation requires adaptation with vowels which not only differ acoustically, but also phonetically from the test continuum. The present study, although intimating that complex auditory feature detectors may differ for the phonetic event til than for [£] . did not directly test for underlying phonetic features in vowel adaptation. However, the results of this study do suggest that a closer examination of phonetic feature adaptation in vowels may fail to demonstrate phonetic feature detectors responsive to many of the vowel features in the Chomsky-Halle system.
